Abstract." Co-translational translocation of Saccharomyces cerevisiae vacuolar glycoprotein carboxypeptidase Y (CpY) was highly efficient when studied with an in vivo and in vitro homologous system, comparison of limited proteolytic cleavage of immunoprecipitated translational products of CpY and subcellular localisation of a mutant CpY. The efficient segregation of CpY mRNA in highly purified fractions of rough microsomes was characterised. CpY I mutant showed retention of core glycosylated material (proCpY 1) in the rough and smooth endoplasmic reticulum fractions. It is suggested that the presence of structures that are incompatible with intercompartmental transport of vacuolar protein leads to retention of the mutated CpY by the endoplasmic reticulum.
Introduction
In the endoplasmic reticulum (ER) of mammals a complex molecular apparatus effects the signal sequence mediated targeting, co-translational translocation, and processing of nascent polypeptide chains that are synthesised on membrane-bound polysomes [1] . In the ER lumen
Correspondence to: M. Ramezani Rad, Institut f'fir Mikrobiologie, Heinrich-Heine-Universit/it Diisseldorf, Universit~its-strasse 1, 4000 Diisseldorf 1, FRG. they do not only undergo various co-and posttranslational modifications within this membranous assemblage, but are also folded and in some cases oligomerised to form multisubunit proteins within the ER itself [2] . The attainment of the correct tertiary and quaternary structure is an important determinant of efficient intracellular protein transport [3] [4] [5] . To increase the understanding of the contribution of factors for an efficient intracellular protein transport in yeast, the biosynthesis, processing and intercompartmental transport of vacuolar soluble enzyme carboxypeptidase Y (CpY, PRC1 gene) and the cell surface enzymes thiamine-repressible and phosphate-repressible acid phosphatases (APase, PH03 and PH05 genes) were studied in an in vivo and in vitro homologous yeast system [6, 7] .
This report describes the localisation of CpY transcript on membrane-bound ribosomes and a direct comparison of the primary translational product of CpY with in vivo translocated and processed proCpY r In addition it is demonstrated that the mutated proCpY 1 in the ABYS1 strain is found in the ER fraction. This result indicates that the mutated proCpY1 is retained in the ER due to an incomplete folding (misfolding) rather than the presence of a general defect in processing factors on the luminal side of RER.
Materials and Methods

Strains and growth conditions
Saccharomyces cerevisiae strains used were RXII MATa/a obtained from A. Kotyk (Ceskoslovenska Akademie, Prague), and SEY2202 MATa his4-519 ura3-52 leu2-3 leu3-112 from S. Emr (California Institute of Technology, Pasadena, CA), ABYS1 MATa adel pral prbl prcl cpsl [8] pep4-3 MATa pep4-3 [9] . Cells were grown in rich medium (YPED) or minimal medium and supplemented for auxotrophic requirement (20-50 mg 1-1) when necessary.
Cell fractionation
For preparation of yeast vacuoles, the cell homogenate was fractionated as described [10] .
For preparation of rough and smooth microsomes the yeast cell homogenate was fractionated as previously described [6, 11] .
Preparation of RNA and Northern blot analysis
Total RNA isolation was carried out as described previously [6] . Poly(A) + RNA was isolated with oligo (dT)-cellulose according to Aviv and Leder [12] . Northern blot analysis was performed essentially as described by Maniatis et al. [13] .
In vitro translation / translocation
For in vitro translation/translocation a homologous cell-flee system was prepared [6] .
Radioactive labelling
Approximately 10 s cells of the tester strains were sedimented and resuspended in 500 ~1 fresh temperate medium. After preincubation for 60-90 min at 30°C the cells were treated with tunicamycin (final concentration of 10 /~g m1-1 if necessary to inhibit glycosylation) and incubation was continued for 30 min. After that, radiolabelling was carried out: (a) for complete labelling the cells were treated with 60 ~Ci m1-1 
Immunological methods and SDS-PAGE
Immunoprecipitation was carried out according to the method described previously [6] . SDS-PAGE was essentially as in Laemmli [14] and immunoblotting as in Towbin et al. [15] and Blake et al. [16] .
In situ peptide mapping by limited proteolysis
Peptide mapping was done according to the method of Cleveland et al. [17] which was modified by Josefsson and Randall [18] .
Results
Efficient segregation of PRC1 transcripts on membrane-bound polysomes
Translation of most membrane, secretory and lysosomal proteins in mammalian cells occurs on membrane-bound ribosomes. For further elucidation of this mechanism in yeast, the division of specific mRNA in the membrane-bound polysome (MBP) fraction and free polysome (FP) fractions has been investigated. For this the synthesis sites of CpY, acid phosphatase and the ribosomal protein L29 have been examined. Poly(A) ÷ RNA from MBP and FP was isolated. MBP and FP were isolated from exponentially growing cells in low-Pi medium. Under these conditions the PH05 transcripts for acid phosphatase are induced [19] . The blot of poly(A) + RNA was hybridised against 32p-labelled fragments. The hybridisation probes were the 1.1-kb BamHI fragment from the PRC1 gene [20] , the 2-kb Bam HI-Pst I fragment of the PH05 gene [21] and the XhoI fragment of the CYH2 gene [22] (Fig. 1) .
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Northern blot analysis shows the accumulation of PRC1 transcript (Fig. 1, lanes 7 and 8) and PH05 transcript (Fig. 1, lanes 11 and 12) on the MBP fraction. However, the CYH2 transcript is accumulated on the FP polysome fraction (Fig. 1,  lanes 1 and 2) . This indicates that the segregation of translational mRNA for acid phosphatase and CpY on membrane-bound ribosomes is the result of an association of the mRNA-ribosome-nascent chain complex with the membrane.
Processing of CpY
The mutated CpY 1 in ABYS1 strain [8] shows a major band of 67 kDa ( Fig. 2A) , which has the same migration pattern as the core glycosylated form of in vitro translated/translocated product (proCpY l) [6] . This mutant proCpY 1 is not processed to the mature form of CpY as shown by metabolic labellings in the ABYS1 (Fig. 2B ). For this cells were labelled briefly (20 s) with [3SS]methionine and chased in the presence or absence of cycloheximide. All incompletely synthesised forms of CpY disappear in the chase experiment in the absence of cycloheximide (Fig.  2B , lane 2) but they are present in pulse or pulse-chase experiments with cycloheximide which block the elongation of nascent polypeptide chains (Fig. 3B, lanes 1 and 4) .
The primary translation product of CpY (PrePro-CpY) (Fig. 2B, lane 5) is difficult to differentiate from the translocated but non-glycosylated form of the enzyme (Pro-CpY) (Fig. 2B, lane 2) .
The limited proteolytic processing of the primary translation product of CpY and the non-glycosylated form of enzymes in the ABYS1 mutant (the 59-kDa Pro-CpY) were carried out in a more direct system (Fig. 2C) . It is a clear difference between the peptide map of non-glycosylated in vivo Pro-CpY product of ABYS1 (Fig. 2C, lane 1) and the in vitro primary translation product (PrePro-CpY) (Fig. 2C, lane 2) .
The subcellular localisation of the CpY intermediates expressed from mutant PRC1 gene in Pre-ER compartment
To test the subcellular localisation of the mutated form of CpY in the ABYS1 strain, rough microsomes (RER) and smooth microsomes 168 (SER) and vacuoles were isolated as described [6, 10, 11] from wild-type strain and ABYS1. A quantitative analysis of the subcellular distribution of the various intermediates of CpY expressed from PRC1 gene from wild-type and ABYS1 mutant was carried out with the same amount of total protein in each corresponding slot of SDS-PAGE and immunoblotting on nitrocellulose filter (Fig. 3) . There was an accumulation of mature CpY in the vacuolar fraction of the wild-type strain (Fig. 3, lanes 3) . In contrast, the accumulation of the 67-kDa band of Pro-CpY t could be seen in the rough and smooth microsomal fraction of the ABYS1 mutant (Fig. 3, lanes 5  and 6) . The weak band of 67 kDa in the smooth microsomal fraction of the ABYS1 mutant may be a result of contamination of this fraction with the RER fraction, or perhaps more likely the proCpY 1 intermediate can be transported into the SER fraction and possibly be rapidly degraded during transport to the vacuole.
Discussion
It has beendemonstrated that the specific mRNAs from PRC1 gene and PH05 gene are segregated on membrane-bound polysomes. In contrast to the proteins of the secretory pathway, the cytosolic ribosomal protein L29 mRNA accumulates on free polysomes. The signal-mediated targeting of the translocation complex on the ER membrane is the result of co-translational segregation of specific mRNAs on the secretory path- way as in the higher eukaryotes. These results indicate that the rate of segregation of the translocation complex on membranes of S. cerevisiae is different for the various proteins. This conclusion is supported by the results of in vitro experiments [6, 7] . The in vivo and in vitro experiments of CpY in different systems indicate that there is no mature product of CpY in the ABYS1 mutant. Analysis of rough and smooth microsomes and the vacuolar fractions from the wild-type cells and ABYS1 mutant cells elucidates the behaviour of mutant CpY with respect to its localisation and intercompartmental transport. The quantitative evaluation of the subcellular distribution of the various intermediates of CpY expressed from the Wild-type PRC1 gene and from the mutated PRC1 gene in ABYS1 strain is possible when the same amounts of total protein are placed in each corresponding slot of SDS-PAGE and the required immunoblotting on nitrocellulose filter (Fig. 3) . The subcellular localisation of the CpY intermediates from the mutant PRC1 gene shows retention of core glycosylated material (proCpY) in ER compartments. These results suggest that structures which are incompatible with intercompartmental transport of vacuolar protein lead to a retention of the protein in ER compartments and that the continued transport of the Pro-CpY 1 from the ER to the vacuole may require a proper folding of the enzyme's intermediate. Finger and colleagues (personal communication) have recently sequenced the mutant corresponding to the CpY 1 and demonstrated that it corresponds to a single amino acid alteration near the active site in a highly conserved region of serine proteases. The present in vivo and in vitro data show that preproCpY can be translocated efficiently in ABYS1 and that this mutation has no effect on co-translational translocation and/or core glycosylation of the preproCpY.
